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Description 



This tatMM ">=»• to ctalyst •J^ffiSK ow" S! ™" P.«e*rty in . 

addition of controlled emouma of hvjwn» "HJSot, | ns0 |Ible catalyst eystem eempramg I *• 
product viscosity. n _„ such as bis(cyclopentadienyl) titanium or zirconium 

. "-MAtsa- f-M- «=rsK ;KLrtf asr"*" - 

a ."id. aluminum Vutlkyl ^^.^^ a ^mlo,^^^^.^,^''^Z 
European Patent Appln. No. 0035242 d^oses p ' ^.lopenndienyf compound of the 

HS^^«2« the polymerizatior . process employing the homogeneous ceteiyst 
systlm is also hydrogen sensitive ^^ZZlT^st system, is their extremely high 
advantage of the "l**"**^ 
as activity for ethylene polymerization. Another •'fl^J.'J^JJi terminal unsaturation is present in 
?n ^presence of conventional ^^^^^^Z^a^rogBniOTmAeou^ 
polymeVs produced in the presence of these ^^^n. dtodvaiitagaou. since the terminal 

bt^riJ™ 

so the olefin polymers. ^„L,™tt^rel.«velylowmolecolerwelghtpolyTnerproducts»eoM»ned 
« ^pSm»r«^t^^»Sml. h„h molecule, ».,„« polymers « low 

achieve Mgh polymerization activity and reduce ppeMjnst coats in » ^ w 

tt2£siX2?s^^xs& — - 0 '"" 8 ,o ttmpe " ,ore 

OTM ^°»e^ 

unsaturation. m «i„ eu lar weioht of polymer product can be controlled by the iud'C'ous 

to molecular weight and density. no ,w mer j 2a tion of ethylene and alpha-olefins to polyethylene 

SS5S coSporW^^^^r- e Croup Ph. Sh end eh meta, o, mo 
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PeHodicTaaeand^ 

Company's Handbook of Chemistry & Physics 4*h edition^ K^^J^fcoortJ radical such as 
ff cyclopentadienyUach R'.wh^hcan be * e ,Th a ^^^^ 

alkyl, alkenyl, aryl, alkylar^, orarylalky^radica^^^^ ° * g |um sil5cone , or a 

joined together to form a Cr-Ce ring- R J«a V rfnos. Q is a hydrocarbon radical such as aryl, alkyl. 
alkyl phosphine or amine radical bridging two J 8 a ms or nalogen and ca n be the same or 

alK, alkylaryl, or arylalkyl radical Mgtam J£» ™™£Ei h 0 or 1. p is 0, 1 or 2; provided that 

Wh Trn° to ^i*2Sdrf!J?SS&Ioc»». one can use certain carbene, These are the 

carbene represented by the formula 
' s Cp 2 Zr=CH 2 -P(C 6 H s ) 2 CH s 

and its derivative of the formula 

Cp ^rCH»CH(CH 3 )C H a 

and the carbene represented by the formula 

Cp 2 Ti=CH 2 • AI(CH 3 ) 2 CI 

and the derivatives of this carbene 

Cp 2 Ti=CH 2 • AHCHsIa, (Cp 2 TiCH 2 ) 2 , 
Cp 3 TiCH 2 CH(CH 3 )C H 2 , Cp 2 Ti=CH 2 • AIR"' 2 CI. 
wherein Cp is a cyciopentadieny, or substituted cyc.opentadieny. radical, and W is an alkyl, aryl or 

relatively high temperatures. The P roM » ~^P"«~ P°' v ^ 8 ^^ above, 
minor amounts of higher *^f M ^^^ n ^^^Sd^L» of the cyclopentadienyl ring 

^eTes^ention is directed towards «jM '-JttXlJSSAtt^ 
polymerization of olefins, and particularly f^^*S£SS!^S^^i polymers are intended for 
lowdensity polyethylene 0^«MwajiJhd^^ molding, and the like. In 

fabrication into articles by extrus.on, "11^ ^^SJESfSw and copolymers of ethylene with 

to accordance with this invention. <w [can |l°|™ d ^„tS.™?r ntoleonla. An Indlcntad above, to. 
•nSZtm-m ete oo.,nt.Hc "J^^ 

OBB r.lon,.x,oeo con bo ^ >" "^.So^nL^^ 
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form of a moist solvent In an alternative method, the aluminum alkyi such as aluminum trimethyl can be 
desirably contacted with a hydrated salt such as hydrated copper sulfate. mothnH 
Preferably, the alumoxane is prepared in the presence of a hydrated copper sulfate The me thod 
comprises treating a dilute solution of aluminum trimethyl in, for example, toluene, with copper sulfate 
s reDlesented by the general formula CuS0 4 - 5H 2 0. The ratio of copper sulfate to aluminum trimethyl is 
Srably about 1 mole of copper sulfate for 4 to 5 moles of aluminum trimethyl. The reason is evidenced 

bV The 8 new me^alloSne'cSmpounds usefully employed in accordance with this invention are the mono 
bi and Slopentadienyl or substituted cyclopentadienyl metal compounds. The metallocenes are 
io represented by the general formula 

<C.R'JpR".(C 6 R'Jlv1eQ3- p , R".(C 6 R'J 2 MeQ' 

or a derivative thereof as specified above. t«.„u..«„i h-ntui 

Exemplary hydrocarbyl radicals are methyl, ethyl, propyl, butyl, amyl. isoamyl, hexo, isobutyl. heptyl, 
octyl, nonyl, dicyl, cetyl, 2-ethylhexyl and phenyl. 

Exemplary alkylene radicals are methylene, ethylene and propylene- . . . 

Exemplary halogen atoms include chlorine, bromine and iodine and of these halogen atoms, chlonne 

18 ^Exemolarv of the alkylidene radicals is methylidene, ethylidene and propylidene. 

OfTe mTtalcenes, zirconocenes and titanocenes are most preferred. Illustrative but non-l.rn.tmg 
examX onhese metal Miocenes which can be usefully employed in accordance wththis.nvent.on are 
m^rXclope^Senyl titanocenes such as pentamethylcyclopentadienyl titanium trichloride; substituted 
ESn K such as bis(indenyl)Ti diphenyl or dichloride. bis(methylcyclopentad.enyl Ti 

S^?d£E and other dihalide complexes; dialkyl. trialkyl. tetra-alkyl and penta-a M ^clopenta- 
denvl titanium compounds such as bis{1,2 - dimethylcyclopentadienyDTI diphenyl or dchlor.de, b.s(1,2 - 
SSZSS diphenyl or dichloride and other dihalide complexes; silicone, phosph.ne. 
am ne or cK "ridged cyclopentadiene complexes, such as dimethyl silyldicyclopentad.enyl titanium 
Shen?l 'ZEISS meSyl phosphine dicyclopentadienyl titanium ***** * 55±JS22K 
dicyclopentadienyl titanium diphenyl or dichloride, ethylene bis (4,5,6.7 - tetrahydro.ndenyl)tltan.um 

dichloride and other dihalide complexes. „i„„~h i„ 

Hustrative but non-limiting examples of the zirconocenes which can be ( usefully ^P' 0 ^ 
accordance with this invention are pentamethylcyclopentadienyl zirconium tr.chlor.de, the alky substituted 
SSSSdCn^ as bis(ethyl cyciopentadienyDzirconium dimethyl bis(P - P*"*^^ 
3S dienyOzirconium dimethyl, bis(methylcyclopentadienyl)zirconium 

above' di-alkvl tri-alkyl, tetra-alkyl, and penta-alkyl cyclopentadienes, such as bis(tetramethylcyclopenta- 
oSzf™2Jmd?S 

pentadienyllzirconlum dimethyl, bis(1,3 - diethylcyclopentadienyOzirconium dimethyl and dihal.de 
Smpfexe of the above; silicone, phosphorus, and carbon bridged cyclopentad.ene nnvtaMi^ 
ao dimethylsilyldicyclopentadienyl zirconium dimethyl or dihalide and met hylphosph.ne ^dopanto^ 
zirconium dimethyl or dihalide, and methylene dicyclopentadienyl z.rcon.um dimethyl o ' 

The ratio of aluminum in the alumoxane to total metal in the metallocene or carbene can be in the 
ranae of 0.5:1 to 10,000:1, and preferably 5:1 to 1000:1. 

The solvents used in the preparation of the catalyst system are inert hydrocarbons, in particular a 
« hydrocarbon that is inert with respect to the catalyst system. Such solvents are well known and include, for 
example, isobutane, butane, pentane, hexane, heptane, octane, cyclohexane, methylcyclohexane. toluene 

and j^'a'further control and refinement of polymer molecular weight, one can vary the concentration 
alumoxane. Higher concentrations of alumoxane in the catalyst system results in higher polymer product 
so molecular weight. 

Since, in accordance with this invention, one can produce high viscosity polymer product at re atively 
high temperature, temperature does not constitute a limiting parameter es with the prior art metallocene/ 
alumoxane catalyst. The catalyst systems described herein, therefore, are suitable for the polymerization of 
olefins in solution, slurry or gas phase polymerizations and over a wide range of temperatures and 
ss pressures. For example, such temperatures may be in the range of -60°C to 280°C and especially in the 
range of 50°C to 160°C. The pressures employed in the process of the present invention are those well 
known for, for example, in the range of about 1 to about 500 atmospheres (99.3 to 49644 kPa) and greater. 

In a solution phase polymerization the alumoxane is preferably dissolved in a suitable solvent, typically 
in inert hydrocarbon solvent such as toluene and xylene in molar ratios of about 5x10 M. However 
so greater or lesser amounts can be used. 

The soluble metallocenes can be converted to supported heterogeneous catalysts by depositing said 
metallocenes on typical catalyst supports such as, for example, silica, alumina, and polyethylene. The solid 
catalysts in combination with an alumoxane can be usefully employed in slurry and gas phase olefin 

ss ^'Tte^ymerization and deactivation of the catalyst, the product polymer can be recovered by 
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Mher suitable eoimraotited shapes. Pirjme™ weioht everape moleeulor 

be added to the polymer. „„_<,„.. with thie inventioo will heve a weiont ov » 

" ™%.l»mr l»*»««S5*S iSl3^£-*y ■«« » ™ Si„ „ typlo.Py .torn «* 

^SeffiSSKTMl- tlmen «oo.t.P=PP«e..b^h 8 .— J" 

The poiymete prodtoed by the f^^^^JSiSS?- "A™ ~ " 

• ^ «n n Water's Associates Model No. 
Examples frtllmA/inQ the molecular weights were deten^dona w dissolving polymer 

In the examples following tne mu.* measurements were I t 145X in TCB at 1.5 

1S0C V (G.I Pe = ^ 

parameters were o^^^JjJSL. 

naohthvlamine, was added to a" sa» w following manner: 

150C. | water jacket 

Example 1 (comparative) equipped with an incli ne . b,a ,2*f'^ 

A 1-Kter stainless steel ^JJJJJg Snt line, and a regulat * "WjJfH^ was introduced 
for temperature control, a septum imex an cm a of dry, degasseo to d jntQ 

was dried and deoxygenated w. th a nJ«J» molar (in to^^^SZ^^ rpms and 
directly into the pressure vessel- 10.0 cm or and < h m^rjj"* um dich , ori de 

the vessel by a gas * ^t^en. 0.091 mg ^g^S!!SSS£ the vessel. After 1 

^«a« 
ventinq and cooling, i^-o g k w mr 
^molecular weight distribution of 3.5. 

^'"P' 8 2 • , ct„«l oressure vessel, equipped with an 

A 1-liter stainless steel PJJJJJJj and ven t line, and a •^"^•^SSd toluene was introduced 
for temperature control, a septum. niex ^ cm , of dry , AgMH « num)wasi nje cted into 

was dried and ^oxygenated with a n^trog ^^ amJ 
Srectly into the pressure veje^ 

the vessel by e gas tight Wrn".» ni trogen. 0.2101 mg lnlet tnt0 the vessel 
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^^mplesV* were performed as Example II except that 0.2 mg of metallocenes as H^ed in Table II 
and "o cm 3 alumoxane were employed giving an Al/Zr of 8X10 3 . The results are summarized m Table II. 



TABLE I 

Substituted cyclopentadiene <Cp) ligand effects 



Activity 



10 


Example 


Catalyst* 


Mw 


Mn 


MWD 


kg/g.h.atm 


1 


C P2 ZrCI 2 


140,000 


39,500 


3.5 


252 




2 


(MeCp) 2 2rCI 2 


910 nnn 


55.900 


3.8 


467 


15 


3 


(EtCplaZrCU 


171 nnn 


44,700 


3.8 


306 




4 


(B-PP-Cp) 2 ZrCI 2 b - 




78 200 


3.6 


335 




5 


(Me5Cp) 2 ZrCI 2 


63,000 


13,200 


47 


71 


20 


•Al/Zr=24,000 

b pp= phenyl propyl 
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TABLE II 










Example 


Catalyst*- 


Mw 


Mn 


MWD 


Activity 
kg/g.h.atm 


30 


6 


(Me 6 Cp) 2 ZrCI 2 


47,300 


13,200 


3.6 


142 




7 


{MeCp) 2 ZrCI 2 


180,000 


48,300 


3.7 


278 


35 


8 


(EtCp) 2 ZrCI 2 


184,000 


50,000 


3.7 


281 



••Al/Zr=8,000 

The ohvsical properties of a polyethylene are largely determined by the polymer molecular weight and 
40 the Dolvmer Tnshy. The previous examples have demonstrated that through the ligand effect, one can 
wnSthTmoS 

liaand effects one can control the polymer density in copolymers such as ethylene copolymers. In addition, 
to£^TS^d*n*v in Ye following examples is demonstrated at fixed reaction cond,t,ons 
indicting that density control is mediated by ligand effects on the catalyst reactivity ratios. 

45 

^Tl-literSeS^I pressure vessel, equipped with an incline blade stirrer, an e^mal waterfecket 
for temperature control, a septum inlet and vent line, and a regulated supply of dry ethylene and nitrogen 
v^s dTed and deoxygenated with a nitrogen flow. 400 cm 3 of dry, degassed to uene was introduced 

so Sctly So the pressure vessel. 10.0 cm' of alumoxane solution (0.8 moles in total aluminum) was injected 
into the vessel by a gas tight syringe through the septum inlet and the rmxture was stirred at 1,200 rpms 
and 5FC for 5 minutes at 0 psig (99 3 kPa) of nitrogen. 200 cm 3 of liquid propylene at 25 C was then added 
result^ n a oressure of 126.2 psig. (969.4 kPa) 0.113 mg of bis(cyclopentadienyl)zircon,um dimethyl in 10 
mTStolu?ne^a8 Inteted wrough the septum inlet into the vessel. Ethylene at 152.1 psig (1148 kPa) was 

K admitted I S3 The reaction vessef was maintained at 50°C. The ethylene was passed into the vessel for 30 
Stes rwnichTme the reaction was stopped by rapidly venting and cooling the reactor 66^0 g of 
copolymer having an intrinsic viscosity of 0.74 was isolated which conteined 31 mole % propylene. The 
density was 0.854 g/cm 3 at 23°C. 



60 



65 



A 1-liter stainless steel pressure vessel, equipped with an incline blade stirrer, an external water Jacket 
for temperature control, a septum inlet and vent line, and a regulated supply of dry ethylene and nitrogen 
wa Xd an5 I deoxygenated with a nitrogen flow. 400 cm 3 of dry. degassed to uene was introduced 
tf.rectlj into the pressure vessel. 10.0 cm 3 of alumoxane solution (0.8 moles in total alum.num) was injected 
m to toe vessel lb a gas tight syringe through the septum inlet and the mixture was stirred at 1,200 rpms 
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10 



is 



t««« *t 9?r was then added resulting in 
density was 0.854 g/cm 3 at 23X. 

S2£IS» minutes at which ^^ZST^sZ^6 which contained 3.6 mole /. 

0.934 a/cm 3 at 23°C. 
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formula 

Cp 2 Zr=CH l P{C 6 H 5 )2CH 3 

30 and its derivative of the formula 

Cp, ZrCH I CH(CH 3 )C H 2 

and the carbene represented by the formula 
35 Cp, - n»CH a -AI(CH») l CI 

and the derivatives of this carbene 

Cp 2 Ti=CH 3 -AI(CH 3 ) 3 , lCp 2 TICH 2 l 2 . 

40 

Cp, JICH 2 CH(CH 3 )q H 2 , Cp 2 Ti=CH 2 .AIR'" A 

JCR'J^MeQ'. 
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5 A process according to cla.m 4 where.n tne 
carbon atoms per molecule. 

C P2 Zr=CH 2 P(C 6 H 5 ) 2 CH 3 



, 0 und sein Derivat der Formel 



CpjZrCHjCHlOyjHj 



und das Carben der Formel 
rs C p 2 Ti=CH 2 -AI(CH 3 ) 2 CI 

und die Derivate dieses Carbens 

CDaTi-OVAKCH,)* (Cp 2 TiCH 2 ) 2 , 

20 

C D , TTCH 2 CH(CH 2 )C H 2 , CpJi-CH, • AIR"' 2 CI 




so Kohlenstoffatomen pro Molekul ist. . 
55 repr6sent6 par la formula 

Cp 2 Zr=CH 2 P(C 6 H 6 ) 2 CH 3 

et son ddriv6 de formule 
so Cp 2 ZrCH 2 CH(CH 3 )C H 2 et 

le carbene represents par la formule 

Cp 2 Ti=CH 2 -Al(CH 3 ) 2 CI 
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et les derives de ce carbene, 

Cp 2 Ti=CH a -AI(CH,) 3 . (Cp 2 TiCH 2 ) 2 , 

Cp 2 TiCH 2 CH(CH 3 )C H 2 , Cp 2 Ti=CH 2 • AIR"' 2 CI, 

ou Cp est un radical cyclopentadienyle ou cyclopentadienyle subst.tue, et R'» est un radical alkyle. aryle ou 
alkylaryle ayant 1 a 18 atomes de carbone; ou un compose de formule 

(C 8 R* m )pR".(C s R'JMeQ 3 ., ou R".(C 5 R'J 2 MeQ', 
dans laquelle Me est un metaldu Groupe 4b, 5b et 6b, (C s R'm) esl t un ^dlcal ^Cletre^ 

ZSnH'^ieSTZki hjdroearbvto loraque e « .,.1 4 0 et Q est un t.d,ee> elkyle ou un 
"tSJMlSIr SiSSSrf-to 1. dens tee,., p <* eual i 0. Q est I. .Were et R' est un radical 
ma 3 y 'c^eelr°siSf. rauendication 1. den. tequri le compos* (al est te bislo^onadl^lWane. 

8 atomes de carbone par molecule. 
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